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Abstract
Excess nutrients are a problem for many lakes and rivers across the country. The U.S.
Environmental Protection Agency (EPA) requires states to monitor polluted waterbodies and
provide plans to remediate them. These plans are commonly submitted in a Total Maximum
Daily Load (TMDL) report where sources and polluters are identified. These reports have not
been successful, however, at solving all nutrient problems.
Newman Lake in Washington and Mantua Reservoir in Utah are two lakes that continue to
receive excess nutrients, notably phosphorus. High levels of these nutrients lead to increased
biological activity and subsequent drops in dissolved oxygen. Many lakes also experience
Harmful Algal Blooms (HABs) due to these nutrients where cyanobacteria bloom and release
cyanotoxins into the water. Cyanotoxins are a threat to public safety and are the main motivator
to reducing nutrient loadings.
This report identifies and recommends alternatives to apply in remediating the problems caused
by excess nutrients. The most effective method of reducing nutrient loadings is often a form of
watershed management. If the nutrients can be stopped before reaching the water body, then
there is no need for later removal. In Mantua Reservoir’s watershed, this requires a focus on
agriculture due to the high potential for agricultural nutrient loadings. Newman Lake, on the
other hand, contains no significant agricultural loading. The management efforts to reduce
nutrients are therefore quite different. Remediation there focus on forested land and household
practices to reduce phosphorus releases into the watershed.
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Introduction
Human impacts of natural waterways have drastically altered our relationship with water.
Increasing demands for agriculture and industry have led to increases of water pollution. In a
2010 study of U.S. surface water bodies, the EPA found that 20% had high levels of phosphorus
and nitrogen (EPA 2019). These nutrients have detrimental effects on the environment and are
often not removed from wastewater entering the environment. Sources and impacts of these
pollutants vary greatly across water bodies but also across time.
High nutrients pose a threat to aquatic life as well as public health. Periods of cyanobacteria
blooms often lead to temporary closures and advisories placed around the lake. These present
financial burdens on local health departments in charge of monitoring the blooms, as well as
societal costs as recreation is limited. Both lakes have published TMDLs from their respective
state environmental departments: Mantua in 2000 and Newman Lake in 2007.
As the reports are aging and do not account for new growth or remediation efforts, it is important
to continue the work and modeling done to predict the current state of the lakes. This is done to
provide recommendations for each lake on how to best reduce nutrient loadings. This report
centers on Newman Lake, but refers to work done by EnVision, a student design group at Utah
State University investigating nutrient loadings and algal blooms in Mantua Reservoir, Utah.
Mantua Reservoir in Utah lies within a watershed with primarily rural land use. Urban growth is
encouraged by US-89, which runs through the watershed to connect the cities of Logan and
Brigham City. This watershed experiences runoff from agriculture, grazing, road use, and new
developments. The watershed covers 11,900 acres which drain into Mantua reservoir, which
covers 500 acres.
Newman Lake is located to the northeast of Spokane, Washington. There is no significant
agriculture in the Newman Lake watershed, but hundreds of homes sit along the shoreline. These
houses represent the largest human potential to directly pollute the lake. The watershed covers
19,950 acres and consists mainly of undeveloped forest land, with its own impact on nutrient
transfer. The lake itself has a surface area of 1080 acres. In 1992, Spokane County installed an
oxygenation system designed to encourage biological nutrient uptake. This system has not solved
the problem, however, and lake quality remains impaired.
Both of these lakes receive excess nutrients and are subsequently failing to meet established
standards. Using both historic data as well as new measurements, this project identifies the
sources of nutrient loadings to these two lakes. These data create the framework to propose
solutions and management practices to reduce nutrient loadings to the respective lakes. Effective
watershed management requires cooperation from informed property owners, residents, visitors,
1

and local governments to reduce nutrient releases. This project seeks to highlight the current
problems to inform interested parties as well as propose solutions to pursue.

Background
Mantua Reservoir
Much of the work in describing the state of Mantua Reservoir is being done by the EnVision
team at Utah State University. The information included in this report is largely a summary of
their work. The TMDL published for Mantua Reservoir in 2000 does not reflect later
improvements made and EnVision has been working to measure and determine an updated
description of the watershed. For example, the TMDL gives the distribution of phosphorus
sources as shown in Figure 1. The report estimated a yearly phosphorus loading of 975 kg (Utah
DEQ 2000).

Figure 1. Phosphorus Source Contributions to Mantua Reservoir of 975 kg/yr (Utah DEQ 2000)
Since the Mantua TMDL was published, sources have been decreased as recommended; the
pump station has closed, and the fish hatchery reduced its phosphorus releases. The major
sources in the watershed are now natural phosphorus from groundwater and agricultural runoff.
The fish hatchery continues to be a significant source of phosphorus to the reservoir, but
discharges under a general hatchery permit. The permit is not specific to the state of the
watershed, and thus is not as restrictive as may be required, despite good faith efforts of the
hatchery to reduce phosphorus loadings.
Newman Lake
The TMDL submitted by the Washington State Department of Ecology for Newman Lake in
2007 outlines the inputs of nutrients into the lake. Extensive work was done to model phosphorus
loadings throughout the watershed. These efforts highlighted the sources of nutrient loadings:
runoff from the greater watershed, subdivided into the Thompson Creek watershed and the
remaining Newman Lake watershed, septic loadings, and precipitation. The distribution of these
2

sources is shown in Figure 2. The report found an estimated 1,480 kg of phosphorus were
entering the lake each year.

Figure 2. Phosphorus Percent Contributions by Source to Newton Lake of 1480 kg/yr
(Washington State Department of Ecology 2007)
Efforts to update these estimates to current values are given below. The TMDL identified
watershed runoff as the greatest contributor to phosphorus loadings. Figure 3 outlines the
watershed boundary, as well as the hydrologic features of the watershed. Septic runoff from
residences along the shoreline make up a small, but still significant, portion of the total loadings
and may be the simplest sources to identify and remediate.
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Figure 3. Hydrology of the Newman Lake Watershed (USGS 2021)
In 1992, Spokane County installed an oxygenator in Newman Lake to encourage lake mixing
and oxygenation (Washington State Department of Ecology 2007). The device increases the
mixing rate of the hypolimnion, which encourages convective heat transfer with the warmer
epilimnion. The oxygenator has effectively increased the heat transfer between the layers and
raised the temperature of the hypolimnion. Figure 4 (taken from the Newman Lake TMDL)
shows lake temperatures at various depths before and after the installation of the oxygenator. The
upper portions maintain relatively the same temperatures as before, but the deeper hypolimnion
shows a significant increase in temperature, from 13oC to 19oC at the lake bottom.
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Figure 4. Temperature Measurements at Depth of Newman Lake (Washington State Department
of Ecology 2007)
Lake stratification becomes an issue as the deeper portions of the lake are unable to mix with the
upper water. The dissolved oxygen within the deeper hypolimnion drops quickly and becomes
anoxic. In lakes such as Newman, this is an issue as phosphorus recycling occurs more readily
under anoxic conditions as nutrients in the sediment are released, creating an additional nutrient
loading within the lake. The effects of this stratification are most evident during months of spring
runoff. The cooler snowmelt settles to the bottom of the lake and sets up seasonal stratification.
The effectiveness of the oxygenator is largely dependent on annual spring runoff. In years with
lower runoff, the hypolimnion is shallower and the oxygenator is able to keep up with the
oxygen demand. During high runoff years, the oxygenator is unable to maintain dissolved
oxygen concentrations above 2 mg/L (Washington State Department of Ecology 2007). A cooler
hypolimnion creates a much more stable and stratified lake resistant to mixing. The sediment
oxygen demand outpaces the supply from the oxygenator and the hypolimnion remains anoxic.

Method of Work/Alternatives
The original and adjusted estimates from the Newman Lake and Mantua reservoir TMDLs are
used to compare the additional developed loading to the predicted state of the rest of the
watershed. These values are useful in comparing the TMDL’s calculated phosphorus distribution
to those predicted.
5

Land Cover
Data are available from the Newman Lake TMDL on estimates of phosphorus loadings coming
from defined areas of the watershed (Figure 2). These land areas can be further defined by
comparing land cover in the watershed. These data are available from the National Land Cover
Database published by the USGS (2020). Use of GIS allows for the identification of land cover
types and areas present in the watershed (Figure 5).

Figure 5. Land Cover of Newman Lake Watershed in 2016 (MRLC 2021)
Data are published in the National Land Cover Database every few years. The most recent data
available are for 2016. Data are also available for the years 2001 and 2006. These years are the
closest to the years of the published TMDLs: 2000 for Mantua Reservoir and 2007 for Newman
Lake. There is very little change in land cover for Newman Lake; roughly 500 acres of
6

shrub/scrub land was converted to Evergreen forest. These land types are both lumped under the
“Forest” category below when estimating phosphorus loadings.
Mantua Reservoir, however, shows significant land cover change. Cropland, a significant portion
of the land use in the watershed is expanding outward, as land near the reservoir is developed.
This trend leads to increases in nutrient loadings over time. The changes of land cover from 2001
to 2016 estimate a net increase of 5.2% in phosphorus loadings due to land cover. This is not a
significant change but represents the trend towards land cover with higher phosphorus releases,
as cropland increases. The 2016 land cover is shown in Figure 6.

Figure 6. Land Cover of Mantua Reservoir Watershed in 2016 (MRLC 2021) [Credit to
EnVision (2021)]
Phosphorus Loading Sources
Reckow et al (1980), under guidance from the EPA, published estimated phosphorus loading
coefficients for general land cover types. These coefficients allow general estimates of
7

phosphorus loading based on land cover. These values are not specific to either watershed
researched in this report but do provide a means of comparing the relative contributions of land
cover to the total nutrient loading. The median values calculated were used for consistency
between the two watersheds.
The range of land cover types identified in Figures 5 and 6 are categorized to align with the
classifications provided by Reckow et al (1980). The “Developed” land cover types are lumped
and use the “urban” phosphorus coefficient. Pasture and crop land have direct coefficient
counterparts. The “precipitation” classification uses phosphorus estimates for rainfall landing
directly on the lake surface. The remaining land cover types fall under the “Forest” classification
to estimate “normal” phosphorus runoff from undeveloped, forest, or shrub lands. Figure 7
displays the estimates based on these categories for both watersheds.

Figure 7. Predicted Phosphorus Distributions for (a) Mantua Reservoir and (b) Newman Lake
(Based on 2016 Land Cover)
These phosphorus export coefficients taken from the EPA do not account for the additional
contributions of septic systems, and Figure 2 does not include loadings from developed land in
Figure 7. The loading predicted for “Developed” land is due to general urban land use, consisting
of stormwater runoff (Reckow et al 1980). Because Figure 7b does not account for septic
loadings, both estimations are required to provide a better picture of the expected phosphorus
loadings within the watershed.
Figure 7 shows that nutrient loadings from general developed lands use is a minor contributor to
the loads of both watersheds. Neither of these municipalities, however, have centralized
wastewater treatment, and instead rely on septic systems for residential wastewater treatment.
These systems release extra nutrients if the wastewater is not adequately treated by the soil
before entering waterways.
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Septic Systems
The initial TMDL for Newton Lake estimate of phosphorus loadings from septic systems
predicted 207 kg per year. This number is based on assumptions for wastewater generated per
person per day, estimated yearly population, and wastewater phosphorus concentrations
(Washington State Department of Ecology 2007). These assumptions were altered for this report
to predict current loading, based on higher population counts per residence due to the ease and
popularity of temporary rentals.
The updated estimation of nutrient loadings from septic tanks assumes greater per capita
wastewater generation and increased rates of use of lakeside properties. The TMDL assumed
days of occupation of a structure per year based on the mailing address of the property owner.
The new model increases the number of days, using the previous assumptions. This leads to a
modeled phosphorus loading of 278 kg/yr, using the TMDL’s assumption that 50% of the
phosphorus released from homes is absorbed or consumed in the soil before entering the lake
(Washington State Department of Ecology 2007).
As residences are often not occupied year-round, septic system design flows are often not met.
Houses rented out to large groups may experience wastewater flows greater than their original
design. Typical septic system design requires handling flows of at least 240 gallons per day, plus
an additional 120 gallons per day for each bedroom over the first two (Washington State
Department of Health 2002). To account for these variations, a simple value of 75 gallons per
person per day is applied to the loading calculations. This is an increase from 60 gallons per day
as used in the TMDL calculation, but is an option outlined by the Department of Health in 2002.
Threats to Septic Systems
The assumptions made above lead to highly inconsistent flows at each residence not occupied
year-round. The county does not track maintenance or use of septic systems as the property
owner is responsible. The Washington State Department of Health (2002a) has reported that the
most common causes of septic system failure are “unsuitable soil conditions and high water
tables.” These conditions are found around Newman Lake as soil permeability is low and water
tables are periodically high (Washington State Department of Ecology 2007).
Unfavorable soil conditions around Newman Lake combined with unsteady occupancy through
the year indicate that waste treatment may be worse than predicted. Less than 50% of the
nutrients may being removed. Any problems with septic performance or operation will increase
the actual phosphorus loading further above the 278 kg/yr calculated above.
Watershed Hydrology
Figure 2 and 7b both highlight natural land cover as the primary source of phosphorus in the
Newman Lake watershed. This contrasts with the high percentage of nutrients assigned to
9

agricultural uses in the Mantua Reservoir watershed. The balance of phosphorus for each
watershed is assigned to developed land and septic loadings. These constitute a small portion of
the total loading, but a portion still available for reduction.

Recommendations
The current situations for both lakes are undesirable. Cyanobacteria blooms occur in both lakes,
exposing residents and recreators to cyanotoxins. Closures due to blooms limit economic gain as
well as promote aesthetic problems with those using the lakes.
Mantua Reservoir
The two watersheds vary greatly in the land cover present. Mantua Reservoir’s watershed
contains a significant presence of agriculture. Potential recommendations for reducing nutrient
loading for Mantua center around reducing or preventing agricultural runoff from agricultural
land. Best Management Practices (BMPs) are well established methods of reducing nutrient
runoff from crop land as well as pastureland.
Specific BMPs have not been recommended by EnVision. Instead, the team has focused on
designing a layout for using ultrasonic devices to disrupt cyanobacteria growth in the reservoir.
This method is a low impact option feasible for the reservoir’s smaller surface area of 500 acres.
Newman Lake
The surface area of Newman Lake is 1,080 acres, roughly twice that of Mantua Reservoir. The
installation of ultrasonic devices in the lake was not explored due to its size and the presence of
lake treatment. The Speece cone oxygenator installed in 1992 has a parallel purpose of targeting
nutrients already in the lake. Updates to the existing oxygenation system are preferred over
installation of new devices in the lake.
The oxygenator, as described above, is able to destabilize the lake and encourage mixing as
designed. This is most effective during years with lower runoff, as the oxygenator is unable to
meet the sediment oxygen demand during seasons of high runoff and a larger hypolimnion
volume. Reduction in nutrients coming from runoff would improve the oxygenator’s
effectiveness by preventing the establishment of anoxic conditions. This reduction must be
achieved by management of the watershed.
Watershed Management
By far the greatest source of nutrients for Newman lake is coming from the watershed away from
the lake. Figure 7b predicts as much as 91% of nutrients are coming from the forest land
upstream. Figure 2 reports this value from the TMDL at 79%. Reducing these nutrient loads is a
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challenge due to the size and nature of the land contributing phosphorus. Much of this
phosphorus is naturally occurring and cannot be prevented.
Table 1 lists some methods which may help remove phosphorus before it reaches the lake. The
listed alternatives are exclusively ecological engineering based. Other methods involve
considerable construction in the rivers to alter flow patterns, such as altering channel banks or
deflecting current (Altuna et al 2019). These methods are not considered, due to the increased
difficulty in installation and subsequent costs.
Table 1. Stream Phosphorus Removal
Riverbank protection

Wetland protection
Phytoremediation

Establishing vegetation along riverbanks
throughout the watershed will slow runoff and
provide filtration to remove nutrients before
entering streams.
Keeping development away from wetlands
will ensure the greatest efficiency of nutrient
removal before entering the lake.
Using plants to remove nutrients from the
river will require harvesting (see below).

The Thompson Creek watershed drains into Newman Lake through wetlands on the north end of
the lake (Figure 4). The wetlands around the lake help to filter out nutrients and provide a final
collection point before entering the lake. Protecting, and even expanding these wetlands will help
reduce nutrients inputs to the lake. A less involved management system can focus on growing
and harvesting plants within the wetland area. This does present a threat, however, if wetlands
are altered to accommodate this practice.
Phosphorus removal is a more difficult process than nitrogen removal as sequenced aerobic and
anaerobic microbial processes can convert organic nitrogen into N2 gas, where the nutrient is
effectively removed. Phosphorus does not have a comparative cycle where excesses can be
released into the atmosphere. Only in heavily anaerobic environments can phosphorus be
converted to a gaseous form. Plants (and microbes) use phosphorus to grow, but these nutrients
will be released upon death and decomposition. Soils can retain some of this phosphorus, but
only until saturated.
The difficulty of removing phosphorus encourages the use of active management systems to
harvest plants before they decompose and release nutrients. Anawar and Chowdhury (2020)
propose the use of ecological floating beds to facilitate this harvesting. Essentially these systems
are hydroponic beds where plants are grown on a floating surface and take up nutrients from the
water directly. This system would minimize the impact on the rivers and wetlands as land would
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not have to be altered. Plants would have to be seeded and harvested, but on a reusable floating
substrate.
Septic System Improvements
The residency and occupancy rates used in the phosphorus loading estimation above yield a
combined wastewater flow of all houses around the lake of 0.05 million gallons per day. This
flow rate combined with the distribution of buildings and area topography discourage the
construction of a centralized wastewater treatment plant. The costs of installation are beyond
reasonable consideration for this report. Instead, the recommended method to reduce nutrient
loadings from septic systems is to modify existing systems to maximize treatment efficiency.
Nutrient loadings from septic tanks can be decreased through a variety of methods. The EPA
maintains a list of recommendations for reducing nutrient loads from septic tanks into nearby
waterbodies (2020). These recommendations, and others, fall into two main categories for the
purpose of this report: household-specific practices and community-supported interventions.
Relevant interventions are summarized in Table 2.
Table 2. Interventions to decrease septic system nutrient releases (US EPA 2020).
Household-Specific
Cleaning products and chemicals

Gray water diversion
System maintenance
Community-Supported
Compost collection

System upgrades

This practice involves using cleaning chemicals without
phosphates to reduce wastewater nutrients. It also entails
properly disposing of unwanted chemicals instead of
dumping them into septic systems.
Diverting gray water from showers and laundry units for
use on the property effectively expands the treatment
area and can reduce use of fertilizers.
Ensuring systems are properly maintained and pumped
increases wastewater treatment efficiency.
Encouraging residences to compost food wastes and
discourage garbage disposal use will reduce wastewater
nutrients. This can be done by a communal collection or
by each residence.
Upgrading septic systems to better treat wastewater will
decrease nutrient releases to the waterbody.

Conclusion
Excess nutrients are present in lakes and river systems throughout the world. The problem is
ubiquitous, but remediation efforts must be highly localized to each system’s actual concerns.
Mantua Reservoir and Newman Lake both experience problems with nutrient loadings, but the
12

two reservoirs are markedly different in the source of nutrients affecting them based on the
distribution of land use and population within the watersheds.
The most effective method of reducing nutrient loadings is often a form of watershed
management. If the nutrients can be stopped before reaching the water body, then there is no
need for later removal. In Mantua Reservoir’s watershed, this may focus on agriculture due to
the high potential for agricultural nutrient loadings. Newman Lake, on the other hand, contains
no significant agricultural loading. The management efforts to reduce nutrients are therefore
quite different. Remediation there must focus on forested land. Loadings from septic systems,
however, occur closer to the lake and individual “point” sources exist that are easier to identify.
Improvements to septic systems are proposed as the first step in reducing nutrient loadings.
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Reflection
The process of researching and assembling this capstone has been a challenging but fulfilling
activity. Starting this process, I was unsure where it would take me, but I am glad for the work I
have been able to accomplish. This capstone was an extension of my Senior Design project in the
Civil & Environmental Engineering department. For that project, we were specifically looking at
the Harmful Algal Blooms and nutrient sources in Mantua Reservoir.
I became interested in comparing the work my team was doing at Mantua Reservoir to the work
done at other lakes and reservoirs. I have connections through family at Newman Lake in
Washington who interested me in focusing on that specific location. After visiting Newman Lake
and learning of its oxygenation system, I became interested in learning more about the system
and what impact it has on the lake and its nutrients.
My biggest worry going into this project was the difficulty in collecting information about
Newman Lake as I was at school in Utah during the capstone process. I visited Newman Lake
the summer before starting this project, which allowed me to learn about the lake and figure out
the beginning of the project. Further research led me to find Washington state’s TMDL report on
the lake. This report was incredibly detailed and became the foundation of continuing this
project.
My Senior Design project referenced Mantua Reservoir’s TMDL for the basis of our research.
This report, however, was much less thorough than that of Newman Lake, requiring us to collect
and process our own data on the reservoir. Because of the work already put into Newman Lake,
the largest part of this capstone became reading and analyzing the TMDL. While studying the
document, I identified portions of significance and areas I wanted to work on updating. I saw that
the land had changed very little since the report was published, but people’s habits most
definitely had.
I was also aided in this project by having my father-in-law, who lives on Newman Lake, and
who studied Environmental Engineering himself, to give insight to the lake’s problems. He
provided me insight into life around the lake, and the existing infrastructure. I learned through
this process of how to adapt what plans I might have for the lake to those that might be feasible
and applicable.
I have had several research opportunities while a student and have largely been able to choose
my own projects based on my interests. This has been a great opportunity for me to pursue my
own interests and find what I enjoy. I learned so much about reading and critically evaluating
published reports. I was very fortunate to have the Newman Lake TMDL and to dive into the
modeling and procedures followed there. This provided me a way to watch how professionals in
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the field handled this problem, while allowing me to choose my own directions based on the
totality of my school experience and research.
I have come to respect and appreciate the work done by states in analyzing the qualities of their
water bodies. A challenge I face in finishing this report is that I have no authority over the
proposed recommendations in this project. State-published TMDLs can recommend changes that
lead to enforceable regulations. Because of this, this project was largely a learning experience for
me to analyze current treatment technologies and evaluate the effectiveness of in place systems.
The reality is that problems with water quality exist, and this project provides me a springboard
to tackle these issues in a capacity where I can encourage change. I enjoy the process of
researching and analyzing problems, but implementation is an area where I am still unsure. This
step of public water quality work is difficult to do as students. For my Senior Design project, our
group is proposing a solution to Brigham City, who manages Mantua Reservoir. Because of our
connections with Brigham City, we have the potential for our proposal to be implemented. This
implementation, however, is still out of our hands.
The implementation of a recommendation is entirely at the mercy of Brigham City, in case of my
Senior Design project, and the public who would have to support the project. I have noticed
through these projects that there in a disconnect, at least in the courses I have taken and
experiences I have, between those who design solutions, and those who the designs impact. For
any project to be successful it must have the support of the public, both as they tend to fund
infrastructure projects, but also because these projects are designed for their use and benefit.
Something that I would love to study more is this next step of science communication. TMDL
reports and similar analyses exist for every major water body in the U.S. Many of these systems,
however, still face serious pollution and nutrient threats. We know what causes these problems,
but the harder part is encouraging people to make change based on collected and established
information. Public education campaigns are a critical part of this process, and I wish I could
have the experience to pursue this action.
Looking back on the work I have done for this project, I can see that this research is still
important. Bringing more attention to problems such as nutrient loadings helps to educate myself
and allows me to share this research with others, as well as those who find and read this report.
There are several potential ways to solve pollution problems, but each one starts with learning
about the problem. Through this project, I was able to research many different types of treatment,
more than I even included in this report. At the very least, this capstone is a medium for
education and communication.
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I am grateful for the research and learning I have accomplished during my time as a student at
USU and in the Honors Program. This capstone speaks to me that the process of learning is an
ongoing one, which continues well after the completion of a college degree. There are always
new ideas to learn and methods to invent and evaluate. This capstone has made me excited about
my future career possibilities and I look forward to the future where I can look back and reflect
on the impact this capstone had in me and my career path.
Word Count: 1058
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